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FELINE POLYNUCLEOTIDE VACCINE FORMULA 



A cat vaccine formula including at least 
three polynucleotide vaccine valencies 
that each include a plasmid containing a 
cat pathogen valency gene capable of 
being expressed in vivo in host cells. Said 
valencies are selected from the group 
which consists of feline leukaemia virus, 
panleukopenia virus, infectious peritonitis 
virus, coryza virus, calicivirus disease 
virus, feline immunodeficiency virus and 
optionally rabies virus. Said plasmids 
include one or more genes per valency, 
and said genes are selected from the 
group which consists of env and gag for 
feline leukaemia, VP2 for panleukopenia, 
modified S, IVI and N for infectious 
peritonitis, gB and gD for coryza, capsid 
for calicivirus disease, env and gag/pro for 
feline immunodeficiency and G for rabies. 
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FELINE POLYNUCLEOTIDE VACCINE FORMULA 

The present invention relates to a vaccine formula allowing the vaccination of cats 
against a number of pathologies. It also relates to a corresponding method of vaccination. 

Associations of vaccines against certain canine viruses have already been proposed in 

the past. 

The associations developed so far were prepared from inactivated vaccines or live 
vaccines and, optionally, from mixtures of such vaccines. Their development raises problems of 
compatibihty between valencies and of stability. It is indeed necessary to ensure both the 
compatibihty between the different vaccine valencies, whether from the point of view of the 
different antigens used or from the point of view of the formulations themselves, especially in 
the case where both inactivated vaccines and live vaccines are combined. The problem of the 
conservation of such combined vaccines and of their safety especially in the presence of an 
adjuvant also exists. These vaccines are in general quite expensive. 

Patent Applications WO-A-90 11092, WO-A-93 19183, WO-A-94 21797 and WO-A- 
95 20660 have made use of the recently developed technique of polynucleotide vaccines. It is 
known that these vaccines use a plasmid capable of expressing, in the host cells, the antigen 
inserted into the plasmid. All routes of administration have been proposed (intraperitoneal, 
intravenous, intramuscular, ttanscutaneous, intradermal, mucosal and the like). Various 
vaccination means can also be used, such as DNA deposited at the surface of gold particles and 
projected so as to penetrate into the animals' skin (Tang et al., Nature 356, 152-154, 1992) and 
liquid jet injectors which make it possible to transfect at the same time the skin, the muscle, the 
fatty tissues and the mammary tissues (Furth et al. Analytical Biochemistry, 205, 365-368, 
1992). 

Polynucleotide vaccines may also use naked DNAs as well as DNAs formulated, for 
example, inside cationic lipids or liposomes. 

The invention therefore proposes to provide a multivalent vaccine formula that makes 
possible to ensure vaccination against a number of feline pathogenic viruses. 
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Another objective of the invention is to provide such a vaccine formula combining 
different valencies while exhibiting all the criteria required for mutual compatibility and stability 
of the valencies. 

Another objective of the invention is to provide such a vaccine formula which makes it 
possible to combine different valencies in the same vehicle. 

Another objective of the invention is to provide such a vaccine which is easy and 
inexpensive to use. 

Yet another objective of the invention is to provide a method for vaccinating cats 
allowing protection, including multivalent protection, with a high level of efficiency and of long 
duration, as well as good safety. 

The subject of the present invention is therefore a vaccine formula intended for cats, 
comprising at least three polynucleotide vaccine valencies each comprising an integrating 
plasmid, so as to express it in vivo in the host cells, a gene of a feline pathogen valency, these 
valencies being selected from the group consisting of feline leukaemia virus (FeLV), 
panleukopenia virus (FPV), infectious peritonitis viras (FIPV), coryza vims (FHV), calicivirosis 
virus (FCV), feline immunodeficiency virus (FIV) and possibly rabies vims (rhabdovims), the 
plasmids comprising, for each valency, one or more of the genes selected from the group 
consisting of env and gag/pol for the feline leukaemia, VP2 for the panleukopenia, modified S 
(or S*) and M for the infectious peritonitis, gB and gD for the coryza, capsid for the calicivirosis, 
env and gag/pro for the feline immunodeficiency and G for the rabies. 

Valency in the present invention is understood to mean at least one antigen providing 
protection against the vims of the pathogen considered, wherein the valency may contain, as 
subvalency, one or more modified or natural genes from one or more strains of the pathogen 
considered. 

Gene of a pathogenic agent is imderstood to mean not only the whole gene but also the 
various nucleotide sequences, including fragments which retain the ability to induce a protective 
response. The term gene encompasses nucleotide sequences equivalent to those precisely 
described in the examples, i.e. the sequences which are different but which encode the same 
protein. It also encompasses the nucleotide sequences of other strains of the pathogen 
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considered, providing a cross-protection or a protection specific for a strain or for a strain group. 
It also encompasses the nucleotide sequences which have been modified in order to facilitate the 
in vivo expression by the host animal but which encode the same protein. 

Preferably, the vaccine formula according to the invention comprises the panleukopenia, 
coryza and calicivirosis valencies. 

It will be possible to add the feline leukaemia, feline immunodeficiency and/or 
infectious peritonitis valencies. 

As far as the coryza valency is concemed, it is preferable to use the two genes coding 
for gB and gD integrated in different plasmids or in a single plasmid, or to use either of these 
genes. 

For the feline leukaemia valency, use is preferably made of the two env and gag/pol 
genes integrated into two different plasmids or into a single plasmid, or the env gene alone. 

For the feline immunodeficiency valency, use will preferably be made of the two env 
and gag/pro genes in different plasmids or in a single plasmid, or only one of these genes. Still 
more preferably, the FeLV-A env gene and the FeLV-A and FeLV-B env genes are used. 

For the infectious peritonitis valency, use is preferably made of the two M and modified 
S genes together in two different plasmids or in a single plasmid, or either of these genes. S will 
be modified in order to inactivate the major facilitating epitopes, preferably according to the 
teaching of Patent PCT/FR95/01 128. 

The vaccine formula according to the invention can be presented in a dose volume of 
between 0.1 and 3 ml and in particular between 0.5 and 1 ml. 

The dose will be generally between 10 ng and 1 mg, preferably between 100 ng and 
500 |ig and still more preferably between 1 jag and 250 |ag per plasmid type. 

Use will preferably be made of naked plasmids simply placed in the vaccination vehicle 
which will be, in general, physiological saline (0.9% NaCl), ultrapure water, TE buffer and the 
like. All the polynucleotide vaccine forms described in the prior art can of course be used. 

Each plasmid comprises a promoter capable of ensuring the expression into the host 
cells of the gene inserted, imder its control. This will be in general a strong eukaryotic promoter 
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and in particular a cytomegalovirus early CMV-IE promoter of human or murine origin, or 
optionally of another origin such as rats, pigs and guinea pigs. 

More generally, the promoter may be either of viral origin or of cellular origin. As viral 
promoter, there may be mentioned the SV40 virus early or late promoter or the Rous sarcoma 
virus LTR promoter. It may also be a promoter from the virus from which the gene is derived, 
for example the gene's own promoter. 

As cellular promoter, there may be mentioned the promoter of a cytoskeleton gene, such 
as for example the desmin promoter (Bolmont et al.. Journal of Submicroscopic Cytology and 
Pathology, 1990, 22, 117-122; and Zhenlin et al. Gene, 1989, 78, 243-254), or altematively the 
actin promoter. 

When several genes are present in the same plasmid, these may be presented in the same 
transcription unit or in two different units. 

The combination of the different vaccine valencies according to the invention may 
preferably be achieved by mixing the polynucleotide plasmids expressing the antigen(s) of each 
valency, but it is also possible to have the same plasmid express antigens of several valencies. 

The subject of the invention is also monovalent vaccine formulae comprising one or 
more plasmids encoding one or more genes from one of the viruses cited above, the genes being 
those described above. Besides their monovalent character, these formulae may possess the 
characteristics stated above regarding the choice of the genes, their combinations, the 
composition of the plasmids, the dose volumes, the doses and the like. 

The monovalent vaccine formulae may also be used (i) for the preparation of a 
polyvalent vaccine formula as described above, (ii) individually against the actual pathology, (iii) 
combined with a vaccine of another type (live or inactivated whole, recombinant, subunit) 
against another pathology, or (iv) as booster for a vaccine as described below. 

The subject of the present invention is in fact also the use of one or more plasmids 
according to the invention for the manufacture of a vaccine intended to vaccinate cats primo- 
vaccinated by means of a first conventional vaccine (monovalent or multivalent) as known in the 
prior art, in particular, selected from the group consisting of a live whole vaccine, an inactivated 
whole vaccine, a subunit vaccine, a recombinant vaccine, this first vaccine having (i.e.. 
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containing or capable of expressing) the antigen(s) encoded by the plasmid(s) or antigen(s) 
providing cross-protection. 

Remarkably, the polynucleotide vaccine has a potent booster effect which results in an 
amplification of the immune response and the acquisition of a long-lasting immunity. 

In general, the primo -vaccination vaccines can be selected fi"om commercial vaccines 
available fi'om various veterinary vaccine producers. 

The subject of the invention is also a vaccination kit assembling together a primo- 
vaccination vaccine as described above and a vaccine formula according to the invention for the 
booster. It also relates to a vaccine formula according to the invention accompanied by a notice 
indicating the use of this formula as a booster for a primo-vaccination as described above. 

The subject of the present invention is also a method for vaccinating cats, comprising 
the administration of an effective vaccine formula as described above. This vaccination method 
comprises the administration of one or more doses of the vaccine formula, wherein these doses 
can be administered successively over a short period of time and/or i successively at widely 
spaced intervals. 

The vaccine formulae according to the invention can be administered in the context of 
this method of vaccination, by different routes of administration proposed in the prior art for 
polynucleotide vaccination and by means of known techniques of administration. 

The subject of the invention is also a method of vaccination consisting in performing a 
primo-vaccination as described above and a booster with a vaccine formula according to the 
invention. 

In a preferred embodiment of the process according to the invention, in a first instance, 
an animal is administered an effective dose of the vaccine of the conventional, especially 
inactivated, live, attenuated or recombinant, type, or alternatively a subunit vaccine, so as to 
provide a primo-vaccination, and, after a period preferably of 2 to 6 weeks, is administered the 
polyvalent or monovalent vaccine according to the invention. 

The efficiency of presentation of the antigens to the immune system varies according to 
the tissues. In particular, the mucous membranes of the respiratory track serve as barriers to the 
entry of pathogens and are associated with lymphoid tissues which support local immunity. 
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Administration of a vaccine by contact with the mucous membranes, in particular the buccal 
mucous membrane, the pharyngeal mucous membrane and the mucous membrane of the 
bronchial region, is of great interest for the vaccination against respiratory and digestive 
pathologies. 

Consequently, administration using the mucosal routes is a preferred mode of 
administration for the invention, using in particular nebulization or spray or drinking water. It 
will be possible to apply the vaccine formulae and the vaccination methods according to the 
invention in this context. 

The invention will now be described in greater detail with the aid of the embodiments of 
the invention taken with reference to the accompanying drawings. 
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EXAMPLES 

Example 1: Culture of the Viruses 

The viruses are cultured on the appropriate cellular system until a cj^opathic effect is obtained. 
The cellular systems to be used for each virus are well known to persons skilled in the art. 
Briefly, the cells sensitive to the virus used, cultured in Eagle's minimum essential medium 
(MEM medium) or another appropriate medium, are inoculated with the viral strain studied using 
a multiplicity of infection of 1. The infected cells are then incubated at 37°C. for a time 
necessary for the appearance of a complete cytopathic effect (on average 36 hours). 

Example 2: Extraction of the Viral Genomic DNAs 

After culture, the supernatant and the lysed cells are harvested and the entire viral suspension is 
centrifuged at 1000 g for 10 minutes at +4°C so as to remove the cellular debris. The viral 
particles are then harvested by ultracentrifugation at 400,000 g for 1 hour at +4''C. The pellet is 
taken up in a minimum volume of buffer (10 mM Tris, 1 mM EDTA). This concentrated viral 
suspension is treated with proteinase K (100 |ag/ml final) in the presence of sodium dodecyl 
sulphate (SDS) (0.5% final) for 2 hours at 37°C. The viral DNA is then extracted with a mixture 
of phenol/chloroform and then precipitated with 2 volumes of absolute ethanol. After leaving the 
sample ovemight at -20°C, the DNA is centrifuged at 10,000 g for 15 minutes at +4°C. The DNA 
pellet is dried and then taken up in a minimum volume of sterile ultrapure water. It can then be 
digested with restriction enzymes. 

Example 3: Isolation of the Viral Genamic RNAs 

The RNA viruses were purified according to techniques well known to one skilled in the art. The 
genomic viral RNA of each virus was then isolated using the "guanidium thiocyanate/phenol- 
chloroform" extraction technique described by P. Chomczynski and N. Sacchi (Anal. Biochem., 
1987, 162, 156-159). 

Example 4: Molecular Biology Techniques 

All the constructions of plasmids were carried out using standard molecular biology techniques 
described by J. Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold 
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Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1989). All the restriction fragments used 
for the present invention were isolated using the "Geneclean" kit (BIO 101 Inc. La Jo 11a, Calif.). 

Example 5: RT-PCR Technique 

Specific oligonucleotides (comprising restriction sites at their 5' ends to facilitate the cloning of 
the amplified fragments) were synthesized such that they completely cover the coding regions of 
the genes to be amphfied (see specific examples). The reverse transcription (RT) reaction and 
polymerase chain reaction (PCR) were carried out according to standard techniques (Sambrook 
J. et al, 1989). Each RT-PCR reaction was performed with a pair of specific amplimers and 
using, as template, the extracted viral genomic RNA. The complementary DNA amplified was 
extracted with phenol/chloroform/isoamyl alcohol (25:24:1) before being digested with 
restriction enzymes. 

Example 6: Plasmid pVR1012 

The plasmid pVR1012 (Figure No. 1) was obtained from Vical Inc., San Diego, Calif, USA. Its 
construction has been described in J. Hartikka et al. (Human Gene Therapy, 1996, 7, 1205-1217). 

Example 7: Construction of tlie Plasmid pPB179 (FeLV-A Virus Env Gene) 

An RT-PCR reaction according to the technique described in Example 5 was carried out with 
feline leukaemia virus (FeLV-A) (Glasgow- 1 strain) genomic RNA (M. Stewart et al. J. Virol. 
1986. 58. 825-834), prepared according to the technique described in Example 3, and with the 
following oligonucleotides: 

PB247 (29 mer) (SEQ ID No. 1) 
5TTTGTCGACCATGGAAAGTCCAACGCACC3' 

PB249 (28 mer) (SEQ ID No. 2) 
5TTTGGATCCTCATGGTCGGTCCGGATCG3 ' 

so as to amplify a 1947 bp fragment containing the gene encoding the Env glycoprotein from the 
FeLV-A virus (Glasgow-1 strain) in the form of a Sall-BamHI fragment. After purification, the 
RT-PCR product was digested with Sail and BamHI in order to give a 1935 bp Sall-BamHI 
fragment. 
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This fragment was ligated with the vector pVR1012 (Example 6), previously digested with Sail 
and BamHI, to give the plasmid pPB179 (6804 bp) (Figure No. 2). 

Example 8: Construction of the Plasmid pPBlSO (FeLV-S Virus Env Gene) 

An RT-PCR reaction according to the technique described in Example 5 was carried out with 
feline leukaemia virus (FeLV-B subtype) genomic RNA, prepared according to the technique 
described in Example 3, and with the following oligonucleotides: 

PB281 (29 mer) (SEQ ID No. 3) 
5'TTTGTCGACATGGAAGGTCCAACGCACCC3' 

PB282 (32 mer) (SEQ ID No. 4) 

5'TTGGATCCTCATGGTCGGTCCGGATCATATTG3' 

so as to amplify a 2005 bp fragment containing the gene encoding the Env glycoprotein from the 
FeLV-B virus (Figure No. 3 and SEQ ID No. 5) in the form of a Sall-BamHI fragment. After 
purification, the RT-PCR product was digested with Sail and BamHI in order to give a 1995 bp 
Sall-BamHI fragment. 

This fragment was ligated with the vector pVR1012 (Example 6), previously digested with Sail 
and BamHI, to give the plasmid pPBlSO (6863 bp) (Figure No. 4). 

Example 9: Construction of the Plasmid pPBlSl (FeLV gag/pol gene) 

An RT-PCR reaction according to the technique described in Example 5 was carried out with the 
feline leukaemia virus (FeLV- A subtype) (Glasgow- 1 strain) genomic RNA, prepared according 
to the technique described in Example 3, and with the following oligonucleotides: 

PB283 (33 mer) (SEQ ID No. 6) 

5'TTGTCGACATGTCTGGAGCCTCTAGTGGGACAG3' 
PB284 (42 mer) (SEQ ID No. 7) 

5'TTGGATCCTTATTTAATTACTGCAGTTCCAAGGAACTCTC3' 

so as to amplify a 3049 bp fragment containing the sequence encoding the Gag protein and the 5' 
part of the sequence encoding the Pol protein from the FeLV-A virus (Glasgow- 1 strain) (Figure 
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No. 5 and SEQ ID No. 8) in the form of a Sall-BamHI fragment. After purification, the RT-PCR 
product was digested with Sail and BamHI to give a 3039 bp Sall-BamHI firagment. 

This fragment was Ugated with the vector pVR1012 (Example 6), previously digested with Sail 
and BamHI, to give the plasmid pPBlSl (7908 bp) (Figure No. 6). 

Example 10: Construction of the Plasmid pAB009 (FPV VP2 gene) 

A PGR reaction was carried out with the feline panleukopaenia virus (193 strain) genomic DNA 
(J. Martyn et al., J. Gen. Virol. 1990, 71. 2747-2753), prepared according to the technique of 
Example 2, and with the following oligonucleotides: 

AB021 (34 mer) (SEQ ID No. 9) 

5'TGCTGTAGAGGAATGAGTGATGGAAGCAGTTCAAC3' 
AB024 (33 mer) (SEQ ID No. 10) 

5'GGGGGATGGATTAATATAATTTTCTAGGTGGTA3' 

so as to amplify a 1776 bp fi-agment containing the gene encoding the FPV VP2 capsid protein. 
After purification, the PGR product was digested with Xbal and BamHI in order to give a 1764 
bp Xbal-BamHI fragment. 

This fragment was Ugated with the vector pVR1012 (Example 6), previously digested with Xbal 
and BamHI, to give the plasmid pAB009 (6664 bp) (Figure No. 7). 

Example 11: Construction of the Plasmid pAB053 (FIPV S* gene) 

An RT-PGR reaction according to the technique described in Example 5 was carried out with the 
feline infectious peritonitis (FIP) vims (79-1 146 strain) genomic RNA (R. de Groot et al., J. Gen. 
Virol. 1987. 68. 2639-2646), prepared according to the technique described in Example 3, and 
with the following oligonucleotides: 

AB103 (38 mer) (SEQ ID No. 11) 

5'ATAAGAATGGGGGGGGATGATTGTGGTGGTAAGTTGGG3' 

AB112 (25 mer) (SEQ ID No. 12) 
5'GGTAGATGTGGAATTGCACTGGTTG3' 
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so as to amplify the sequence of the 5' part of the gene encoding the virus S glycoprotein in the 
form of an Notl-EcoRI fragment. After purification, the 492 bp RT-PCR product was digested 
with NotI and EcoRJ in order to liberate a 467 bp Notl-EcoRI fi-agment (fi-agment A). 
The plasmid pJCA089 (Patent Application PCT/FR95/01 128) was digested with EcoRI and Spel 
in order to liberate a 3378 bp fi'agment containing the central part of the gene encoding the FIP 
virus modified S glycoprotein (fragment B). 

An RT-PCR reaction according to the technique described in Example 5 was carried out with the 
FIP virus (79-1146 strain) genomic RNA, prepared according to the technique described in 
Example 3, and with the following ohgonucleotides: 

AB113 (25 mer) (SEQ ID No. 13) 
5AGAGTTGCAACTAGTTCTGATTTTG3' 

AB104 (37 mer) (SEQ ID No. 14) 

5ATAAGAATGCGGCCGCTTAGTGGACATGCACTTTTTC3' 

so as to amplify the sequence of the 3' part of the gene encoding the FIP virus S glycoprotein in 
the form of an Spel-NotI fragment. After purification, the 543 bp RT-PCR product was digested 
with Spel and NotI in order to liberate a 5 19 bp Spel-NotI fragment (fragment C). 
Fragments A, B and C were then ligated together into the vector pVR1012 (Example 6), 
previously digested with NotI, to give the plasmid pAB053 (9282 bp), which contains the 
modified S gene in the correct orientation relative to the promoter (Figure No. 8). 

Example 12: Construction of the Plasmid pAB052 (FIPV M gene) 

An RT-PCR reaction according to the technique described in Example 5 was carried out with the 
feline infectious peritonitis (FIP) vims (79-1146 strain) genomic RNA (H. Vennema et al., 
Virology. 1991, 181. 327-335), prepared according to the technique described in Example 3, and 
with the following oligonucleotides: 

ABlOl (37 mer) (SEQ ID No. 15) 

5'ACGCGTCGACCCACCATGAAGTACATTTTGCTAATAC3' 
AB102 (36 mer) (SEQ ID No. 16) 

5'CGCGGATCCTTACACCATATGTAATAATTTTTCATG3' 
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so as to precisely isolate the gene encoding the FIP vims M glycoprotein in the form of a Sall- 
BamHI fragment. After purification, the 812 bp RT-PCR product was digested with Sail and 
BamHI in order to liberate a 799 bp Sall-BamHI fragment. This fragment was then ligated into 
the vector pVR1012 (Example 6), previously digested with Sail and BamHI, to give the plasmid 
pAB052 (5668 bp) (Figure No. 9). 

Example 13: Construction of the Plasmid pAB056 (FIPV N gene) 

An RT-PCP reaction according to the technique described in Example 5 was carried out with the 
feline infectious peritonitis (FIP) virus (79-1146 strain) genomic RNA (H. Veimema et ail., 
Virology. 1991, 181. 327-335), prepared according to the technique described in Example 3, and 
with the following oligonucleotides: 

AB106 (35 mer) SEQ ID No. 17) 

5'ACGCGTCGACGCCCTGGCCACACAGGGACAACGCG3' 
AB107 (36 mer) (SEQ ID No. 18) 

5'CGCGGATCCTTAGTCGTAACCTCATCAATCATCTC3' 

so as to precisely isolate the gene encoding the FIP virus N protein in the form of a Sall-BamHI 
fragment. After purification, the 1 156 bp RT-PCR product was digested with Sail and BamHI in 
order to liberate a 1143 bp Sall-BamHI fragment. This fragment was then ligated into the vector 
pVR1012 (Example 6), previously digested with Sail and BamHI, to give the plasmid pAB056 
(6011 bp) (Figure No. 10). 

Example 14: Construction of the Plasma pAB028 (FEV gB gene) 

A PGR reaction was carried out with the feline herpesvirus (FHV-1) (C27 strain) genomic DNA 
(S. Spatz et al. Virology. 1993. 197. 125-36) prepared according to the technique of Example 2, 
and with the following oligonucleotides: 

AB061 (36 mer) (SEQ ID No. 19) 

5'AAAACTGCAGAATCATGTCCACTCGTGGCGATCTTG3' 
AB064 (40 mer) (SEQ ID No. 20) 

5 'ATAAGAATGCGGCCCCTTAGACAAGATTTGTTTCAGTATC3 ' 
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so as to amplify a 2856 bp fragment containing the gene encoding the FHV-1 vims gB 
glycoprotein in the form of a Pstl-NotI fragment. After purification, the PGR product was 
digested with PstI and NotI to give a 2823 bp Pstl-NotI fragment. 

This fragment was ligated with the vector pVRl 012 (Example 6), previously digested with PstI 
and NotI, to give the plasmid pAB028 (7720 bp) (Figure No. 1 1). 

Example 15: Construction of the Plasmid pAB029 (FHV gD gene) 

A PGR reaction was earned out with the feline herpesvirus (FHV-1) (C-27 strain) genomic DNA 
(S. Spatz et al. J. Gen. Virol. 1994. 75. 1235-1244), prepared according to the technique 
described in Example 2 and with the following oligonucleotides: 

AB065 (36 mer) (SEQ ID No. 21) 

5'AAAAGTGCAGGGATGATGACAGGTGTAGATTTTTG3' 
AB066 (33 mer) (SEQ ID No. 22) 

5'GGAAGATGTTTAAGGATGGTGAGTTGTATGTAT3' 

so as to amplify the gene encoding the FHV-1 virus gD glycoprotein in the form of a Pstl-Bglll 
fragment. After purification, the 1 147 bp PGR product was digested with PstI and Bglll in order 
to isolate a 1129 bp Pstl-Bglll fragment. This fragment was ligated with the vector pVR1012 
(Example 6), previously digested with PstI and Bglll, to give the plasmid pAB029 (5982 bp) 
(Figure No. 12). 

Example 16: Construction of the Plasmid pABOlO (FCV C gene) 

An RT-PCR reaction according to the technique described in Example 5 was carried out with the 
feline calicivims (FGV) (F9 sfrain) genomic RNA (M. Garter et al. Virology. 1992. 190. 443- 
448), prepared according to the technique described in Example 3, and with the following 
oligonucleotides: 

AB025 (33 mer) (SEQ ID No. 23) 

5'AGGGGTGGAGGGATGTGGTGAAGGTGGGGTAAG3' 

AB026 (3 1 mer) (SEQ ID No. 24) 
5'GGGGGATGGTGATAAGTTAGTGATGGGACTG3' 
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so as to isolate the gene encoding the FCV virus capsid protein in the form of a Sall-BamHI 
fragment. After purification, the 2042 bp RT-PCR product was digested with Sail and BamHI in 
order to isolate a 2029 bp Sall-BamHI fragment. This fragment was ligated with the vector 
PVR1012 (Example 6), previously digested with Sail and BamHI, to give the plasmid pABOlO 
(6892 bp) (Figure No. 13). 

Example 17: Construction of the Plasmid pAB030 (FIV env gene) 

An RT-PCR reaction according to the technique of Example 5 was carried out with the feline 
immunodeficiency virus (FIV) (Petaluma strain) genomic RNA (R. Olmstec. et al. Proc. Natl. 
Acad. Sci. USA. 1989. 86. 8083-8096), prepared according to the technique of Example 3, and 
with the following oligonucleotides: 

AB067 (36 mer) (SEQ ID No. 25) 

5'AAAACTGCAGAAGGAATGGCAGAAGGATTTGCAGCC3' 
AB070 (36 mer) (SEQ ID No. 26) 

5'CGCGGATCCTCATTCCTCCTCTTTTTCAGACATGCC3' 

so as to amplify a 2592 bp fragment containing the gene encoding the Env glycoprotein from the 
FIV virus (Petaluma sfrain) in the form of a Pstl-BamHI fragment. After purification, the RT- 
PCR product was digested with PstI and BamHI to give a 2575 bp Pstl-BamHI fragment. 

This fragment was ligated with the vector pVR1012 (Example 6), previously digested with PstI 
and BamHI, to give the plasmid pAB030 (7436 bp) (Figure No. 14). 

Example 18: Construction of the Plasmid pAB083 (FIV gag/pro gene) 

An RT-PCR reaction according to the technique described in Example 5 was carried out with the 
feline immunodeficiency virus (FIV) (Petaluma strain) genomic RNA (R. Olmsted et al. Proc. 
Natl. Acad. Sci. USA. 1989. 86. 8088-8096), prepared according to the technique described in 
Example 3, and with the following oHgonucleotides: 

AB154 (32 mer) (SEQ ID No. 27) 

5'ACGCGTCGACATGGGGAATGGACAGGGGCGAG3' 
AB155 (33 mer) (SEQ ID No. 28) 
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5'TGAAGATCTTCACTCATCCCCTTCAGGAAGAGC3' 

so as to amplify a 4635 bp fragment containing the gene encoding the Gag and Pro proteins from 
the FIV virus (Petaluma strain) in the form of a Sall-Bglll fragment. After purification, the RT- 
PCR product was digested with Sail and Bglll to give a 4622 bp Sall-Bglll fragment. 

This fragment was ligated with the vector pVR1012 (Example 6), previously digested with Sal! 
and Bgin, to give the plasmid pAB083 (7436 bp) (Figure No. 15). 

Example 19: Construction of the Plasmid pAB041 (rabies virus G gene) 

An RT-PC'R reaction according to the technique described in Example 5 was carried out with the 
rabies virus (ERA strain) genomic RNA (A. Anilionis et al. Nature. 1981. 294. 275-278), 
prepared according to the technique described in Example 3, and with the following 
oligonucleotides: 

ABOl 1 (33 mer) (SEQ K) No. 29) 

5'AAAACTGCAGAGATGGTTCCTCAGGCTCTCCTG3' 
AB012 (34 mer) (SEQ ID No. 30) 

5'CGCGGATCCTCACACTCTGGTCTCACCCCCACTC3' 

so as to amplify a 1589 bp fragment containing the gene encoding the rabies virus G 
glycoprotein. After purification, the RT-PCR product was digested with PstI and BamHI to give 
a 1578 bp Pstl-BamHI fragment. This fragment was ligated with the vector pVR1012 (Example 
6), previously digested with PstI and BamHI, to give the plasmid pAB041 (6437 bp) (Figure No. 
16). 

Example 20: Production and Purification of the Plasmids 

For the preparation of the plasmids intended for the vaccination of animals, any technique may 
be used that allows for obtaining a suspension of purified plasmids predominantly in the 
supercoiled form. These techniques are well known to one skilled in the art. There may be 
mentioned in particular the alkaline lysis technique followed by two successive 
ulfracentrifligations on a caesium chloride gradient in the presence of ethidium bromide as 
described in J. Sambrook et al. (Molecular Cloning: A Laboratory Manual, 2nd edition, Cold 
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Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1989). Reference may also be made to 
Patent Applications PCT WO 95/21250 and PCT WO 96/02658 which describe methods for 
producing, on an industrial scale, plasmids which can be used for vaccination. For the purposes 
of the manufacture of vaccines (see Example 17), the purified plasmids are resuspended so as to 
obtain solutions at a high concentration (>2 mg/ml) which are compatible with storage. To do so, 
the plasmids are resuspended either in ultrapure water or in TE buffer (10 mM Tris-HCl; 1 mM 
EDTA, pH 8.0). 

Example 21: Manufacture of the Associated Vaccines 

The various plasmids necessary for the manufacture of an associated vaccine are mixed using 
their concentrated solutions (Example 16). The mixtures are prepared such that the final 
concentration of each plasmid corresponds to the effective dose of each plasmid. The solutions 
which can be used to adjust the final concentration of the vaccine may be either a 0.9% NaCl 
solution, or PBS buffer. 

Specific formulations such as liposomes, cationic lipids, may also be used for the manufacture of 
the vaccines. 

Example 22: Vaccination of Cats 

The cats are vaccinated with doses of 10 \xg, 50 |ig or 250 |ag per plasmid. 

The injections are performed with a needle using the intramuscular route. In that case, the 

vaccinal doses are administered in a volume of 1 ml. 

The injections can also be performed with a needle using the intradermal route. In that case, the 
vaccinal doses are administered in a total volume of 1 ml administered in 10 injections of 0.1 ml 
or at 20 injections of 0.05 ml. The intradermal administrations are performed after shaving the 
skin (thoracic flank in general) or at the level of a relatively glabrous anatomical region, for 
example the inner surface of the thigh. 

A liquid jet injection apparatus (with no needle) can also be used for the intradermal injections. 
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CLAIMS 

1. Vaccine formula intended for cats, comprising at least three polynucleotide 
vaccine valencies each comprising an integrating plasmid, so as to express in vivo in the host 
cells, a gene of a feline pathogen valency, these valencies being selected from the group 
consisting of feline leukaemia virus, panleukopenia virus, infectious peritonitis virus, coryza 
virus, calicivirosis virus, feline immunodeficiency virus and possibly rabies virus, the plasmids 
comprising, for each valency, one or more of the genes selected from the group consisting of env 
and gag for the feline leukaemia, VP2 for the panleukopenia, modified S and M for the infectious 
peritonitis, gB and gD for the coryza, capsid for the calicivirosis, env and gag/pro for the feline 
immunodeficiency and G for the rabies. 

2. Vaccine formula according to claim 1, characterized in that it comprises the 
panleukopenia, coryza and calicivirosis valencies. 

3. Vaccine formula according to claim 1 or 2, characterized in that it comprises the 
coryza virus gB and gD genes, in the same plasmid or in different plasmids, or only one of these 
genes. 

4. Formula according to claim 1, characterized in that it comprises the feline 
leukaemia virus env and gag genes, in the same plasmid or indifferent plasmids, or the env gene 
alone. 

5. Vaccine formula according to claim 1, characterized in that it comprises the two 
env and gag/pro genes ia different plasmids or in the same plasmid, or only one of these genes. 

6. Vaccine formula according to claim 1 or 2, characterized in that it comprises the 
M gene or the modified S gene in a plasmid or all the genes encoding M or modified S in the 
same plasmid or in different plasmids. 

7. Vaccine formula according to any one of claims 1 to 6, characterized in that it 
comprises from 10 ng to 1 mg, preferably from 100 ng to 500 fig, still more preferably from 1 ixg 
to 250 |j.g of each plasmid. 
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8. Use of one or more plasmids as described in any one of claims 1 to 7, for the 
manufacture of a vaccine intended to vaccinate cats primo-vaccinated by means of a first vaccine 
selected fi-om the group consisting of a live whole vaccine, an inactivated whole vaccine, a 
subunit vaccine, a recombinant vaccine, the first vaccine having the antigen(s) encoded by the 
plasmid(s) or antigen(s) providing cross-protection. 

9. Vaccination kit for cats assembling together a vaccine formula according to any 
one of claims 1 to 8 and a vaccine for cats selected from the group consisting of a live whole 
vaccine, an inactivated whole vaccine, a subunit vaccine, a recombinant vaccine, the first vaccine 
having the antigen encoded by the polynucleotide vaccine or an antigen providing cross- 
protection, for administration of the latter in primo-vaccination and as a booster with the vaccine 
formula. 
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Figure No. 1 
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Figure No. 2 
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I ATaGAAGCTCCAACGCACCCAAAACCCTCTAAAOATAAGACrTTCTCCTCGGACCTAATGATT 
l> M«tGluOl,yPiroThrHi8?rol»y»Pr<»Sat;t,y»A»pi,yiiThi;l>h«3««Ti;pA«pt.»uM«t Il« 

S'i CrjC-tCGGCGTCTTACTAAGACTGCACdTCGOAATCGCCAATCCTAOTCCCiCACCAAATATAT 

127 AATGTAACTTGGACAATAACCAACCtTGtAACTGGAACAAAGGCTAATGCCACCTCCATGTTO 
43»'A»nV»l5hrTrpl"hm«ThrA«al»»uV*lThi;aiytiirl.ytAl».A»nAl»'thirs«eM«tt.«« 

190 GGAACCCTGACAGACGCCITCCCTACCATGTATTTTGACrTATCTGATATAATAGGAAATACA 
64>oiyTh»L«u.l!hrA«pXl*lf&«f,roSh«lM««Ty>rJ?h«A»pl.«ucy'«A«pil«jl«ciyAinlf.hr 

253 TGGAACCCTTCAGAtCAAOAACCATTCCCAGGGTATGGAtGTGATCAGCCTATGAGGAGGTGG 
S5l>«rpA«ni!'roS«rA»pOXnoluP:i!<>PhiiPeoOiytytSij'Cy«A»pOl(3i'ro!l«tARgAcgrTrp 

316 CCACAGAGAAACACACCCTTTTATGtCTOTCCAGGACATGCCAACCGGAAGCAATGTGGGGGG 
10-6> ArsolnArgA«nT]3rPrOPh«TyjrV«.lCyi?5oaiy«itAl«.A«nAi:gI.ya:ain0y«01jr<Jly 

319 CCACAGGATGGGTTCtGCGCTGTATGGGGTTGCGAGACCACCGGGCAAACCTATTGGAGACCC 
i27>prooinA*polysJi«cy»Ai.»v»iTjrs?aiycyiaiiiirisi;tUtiOlyoittThrty«TrpArg?ro 

442 ACCTCCTCATGGGACtACATCACAGTAAAAAAAGGGGTTACTCAGGGAAtATAtCAA.tGTAGT 
l48^i!hcS«»S«j:'T«pA»p'tye£l*»hcV»lliyit.y«8lyV»lTSt«01nOlyIl.*ty«<Jlncy*8«r 

505 GGAGGTGGTtGGtGTGGGCCCTGTTACGATAAAGCTGTTCACTCCTCGACAACGCGAOCTAGT, 
169>GXy<JlyolyTj:pcy«OiyPs»cy««yrA«p!iy»Al»V«iaiiS«ifS«*T*i«Ttij;<3lyAl»3«r 

568 GAAGGGGGCCGGTGCAACCCCTTGATCTTOCAAfTTfACGCAAAiySGGAAGACAAACATCTTGG 
l90>Olu0lyolyA»9Cy«A«nPsoli»ttXl«li««aittPfe«*h«0lal«y*8iyAeffOlnyhra«sT*p 

S 3 1 GATGG ACCTAMTC ATGGaGGCTACGACTATACCGTTC&GGAIAtGACCCTXTAGCCCTGTTC 
211^A«p01yProtiy«3«rl!KpOly&ii«Ar9'I(«tt*y«'AS(ira«3faiy.TyxA«p»r»li«Al»i*«uPh« 

694 TCGGTA'TCCCGGCAAGTAATCACCATTACaCCGCCTCAGGCCA'rGQQACCAAATCTAGTCCTG 
232>s«sVftis«rAsffOiav*.li(««Vhsii«9hsP»ePsaoXnAlaW«eoi.y»EoAsn{>«avalI(«u 

757 CCTGA'TCAAAAACCCCCATCCAGOCAATCTCAAA'PAGAGTCCCGAGTAACACCTCACCATTCC 
2S3>froA»pOia£.y*Pr»Peos«eAsaa4ns«i;olaix»aiu»«rA3r9ViLlth>r»roHt«iii»s«xr 

820 CAAGGCAACGGAGGCACCCCAGGt'OTAACTCTTGCTAATQCCTCCMTGCCCCTCTACGTA^ 
274>ClnGiyA«neXyaiy'Iit«9«aaiyV*lThrL«iiV*lA»aAl»S«eIX**X«?3Feli«ttAraTl»r 

883 CCTOTCAGCGCCGCAAGTCCCAAACGTATAGGGACCGGAAATAGGTTAATAAATrrAGTGCAA 
295> P3rov*lt}tr>»oAi*aiii;Prol«ytAr9ll«01yTh«OlyA«aAE«b««Il«A«nl.««V*l<H» 

946 GGGACAtACCTAGCCCTAAATQCCACCGMICCCAACAAAACTAAAGACTGTTGGCtCTGCCTG 
}l6»QlyTh«?yrI.«ttAl«I.«ttA»nAl»tiirAipfe!*A«ttLy«Tl«tI.yiAapCy«Trpo«aCy*x.au 

1009 GTTTCTCGACCACCTTATTACGAiW3GGAtTGCAATCT?AGGTAACTACAGCAACCAAACAAAC 
337>'V»xs«rAr»SroProTyrTy»ralaOlyll«Al»IX«J.«uOiyA«aTyr8«sA«iiOlRTh»rA«n 

1072 CCCTCCCCATCCTGCCTATCTACTCCGCAACATAAGCTAACTATATCTGAGGTGtCAGGGCAA 
353> ProS«EPet»s«>;cy«L«aS«rThrPi:<5<JXnHi«i:»y«t*ttthell«S«j:Olu¥aXS*eoXyOXn 

1 1 JS . GGACTGTGCAtAGGGACTGTTCCTAAGACCCACC AGGCrrrOTGCAATAAOAC ACAACAGGGA 
379>Glyi.auCy«ll«GXytlirVaXProt.y«ThrHl»CXnAXaL«uCy«A«nLy»Ttu:aXnaXi»OXy 

J. 193 CATACAGGGGCTCACTATCTAGCCGCCCCCAATGGCACCTATTGGCCCTGTAACACTGGACTC 
40C>'KiaThj:oXyAXaHt«tyi;I.auAXaAXaPBoA«nCXyThtrTyrTrpAX»cy«ABnThrOlyi.«u 
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1261 ACCCCATGCATtTCCATGGCAGTGCTCAATTGGACCTCtGATTTTTGTCrrCTrAATCGAATTA 

1 387 TTCCGAAG AGAACCAATAtCACTAACCGTTGCCCTTATAATaQGAGGACTCACTGTAGGGGGC 
4S3> Ph«ArgAc90lu»r«li«s««li,«ttfh»V«SAl»l,»ull.««i>t:0ly0iyfc«uSh«V«l01yGly. 

14S0 AtAGCCGCGGGGGTCGGAACAaJGACTAAAGCCCTCCTTGAAACAGCCC«3TfCAGACAACTA 
484>Xl*AlaAIa.<3LyVml01y1<}).caiyTltx{tytAi*£.*ut*uaitti;hrAX*Gla»h«Axg<il,nt«u 

15X3 CAAATGGCTATGCACGCAGACATCCAGGCCCTAGAAGAGTCAATTAGTGCCTTAGAAAAATCC 
305 GlnHf tAl*H«GHiaAl*AspXl«OiBAt«.b«uOiuaivtS*rZl»S«irAl.*L«uOXuI>yas«t 

Un CfGACCTCCCTCTCCGAGGTAGTCTTAGAAAATAGACGGGGCCrAGATATTCTGTTCTTACAA. 
526^ ti«athr3«sr<ttu3«r0iuV«XV«l&«ttQl{U)b«nA(r7As«01y&*uAapXl*£(«ti^ 

1639 AAGGGAGGGCTCO^GrGCCGCCTTMAGGAAGAA-rGCTCeTTCTAtGCAGATeACACCCGACTC 
547^!;,yaaiyaiy!;i«uCysAl«A,}.*Ii«itIiyt9i.ttOluCyaCya»iv«TyrAlaAspHiat)traxyt.«tt 

1702 GTCAOAGACAATATCGCTAAATrAAGAGAAAG^CTGAAACAGCGACAACAACTGtTTGACTCC 
S69^v*tAcsAapAan«*teAJl«&yab«aAr0«lttAr9lt«!ii&yaOlBArsOlaaiaI>«\t»b 

1765 CAACAGGGATGGTnn^AAQGAI^rrCAMAAOTCCCCCTOGt'rTACAACCCT^ 
589^aiitaiaGlyTcpVH«Qlu01yfrpf h*AaBtiy«S«S9roTrpVb«Tlj,rTttxti«ttZl«S«xS«3r 

1328 ATTATAGGCCCCTTACTAATCCTACfCCTAATTCTCCTCrrCGGCGCA'TGCATCeTTAACCGA 
SIO^ XX*Sl«aiyl*soZi«uti«uXl«Si«tiI.«tt&*ttXi«tt«ttIiau?tt«OtyirseCyaZl«i:i«uA«nAr7 

1891 TTAm-CCAATTCGTAAIU^GAC^aAA^ATCTQTGGTACAAGGCfTAAI^Tt 

19S4 CAACAGATACACJCAATATOAfCCGGACCGACCA'KSA 
6S2>'OiRainii»QiBOi6'rysfA«»fsoAiipAsflr»iro« • » 



Figure No. 3 (last part) 
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Figure No. 4 
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I ATGTCTGGAGCCTCTAGTGGGACAGCCATTGGGGCTCATCTGTTTGCCGTCTCACCTGAATAC 
l>M«tSe^elyAl«S«rS«rGlyThrAiaIle01yiiti,a.Ht»t-euSh9alyVal3*irPi:.oG.lu.Tyt 

f-A AjC-OTGTTGATCGGAGACGAGGGAGCCGGACCCTCAAGGTCTCTTTCTGAGGTTTCATTT'TCG 
22>ArgValL«ttIXe<SlyA.«pGluOlyAi.aaiyProS«cAc9S*rI.»uS«rGluv»is«rp}i«s«r 

m GTTTGGTACCAAAGACGCGCGGCACGTCTTGTCATTrrTTGtCtGGTTGCGTCTTtTCTTGTC 

190 CCTTGTCTAACCTOTTTAATTGCAGAAACCGTCATGGGCCAAACTATAACTACCCCCTTAAGC 
64>Procy«t,«ui;hi:l?fa«i«mi«ltiaciulfheVt,lM«tOiyOln*hrfl«ThrThr?rot.«ttS»r 

2S3 CTCACCCTTCATCACTGGTCtGAAG-rcCGGaCACGAGCCCATAATCAAGGTGTCGAGGTCCGG 
35>L«uThi:I,«uA«pHl«T»jjS<ie01uV»Uiraxi*A,*SAUHi»X«n01n«tlyV»loiuV*lAeg 

ns AAAAAGAAATGGATTACCTTATGTGAGGCCGAATGGGTGATGATGAATGTGGGCTGGCCCCGA 
iv6» £'y«t*yiLy.TrpIl«1«hrL«uCy«01uAi»aiu5spV»lH«tM«ex«nV«lalyTrp»roAc? 

^ Q^GGAACTTTTTCTCTTGATAGCATTTCCCAGGTTGAAAAaAAGAtCTTCGCCCCGGGACCA 
I27><iittOiythrPh«s««l.«uA«pa«eii«s«r<JliiV»loiuLy«l.y«ii««jtAl»Pro01yPro 

442 TATGGACACCCCGACCAAGTTCCTTACATTACTACA'TGGAGATCCTTAGCCACAGACCCCCCt 
14.8>t'yrOiyHl«j«roA»p01nV»lProTyr£J,«T»r*hrTrpArgs«iri,«t»*ia>r}i«AipP3t<9Pe« 

555 TCGTGGCTTCGTCCGrrCCTACCCCCrceCAAACCTCCCACACCCGTCCCTCAACCTCtTTCG 

S68 CCQCAGCCGTCCGCCCCTCTTACCTCTTCCCTCTAeCCCOfTOTeCCMCCCA^ 
190>ProOi!(»peo8*rAl«»roj,*tt*hrS»*s«eI,«tt«yESBi>Vmli,«w»r<»6y«s>soA»p**oPe<» 

631 AAACCGCCTGtGTtftCCGCCTGATCCTOtTCCCCTTTAAWGATCTCTTM 

694 CCTCCCTATCCGOGOGGTCACGCKSCCACCGCCATCAGGTCCTACKSAGCCCAMZCGCfS'CCCCG 
232>Sy9Peo«yi;i'r«01yaiyHi«aiySs6»r«i'ro»«eOlyf»o*rsTJirSiro»SirAl» 

7|7 ArrGCAAGCCGGCrAjSfiGGAACGACGAOAAAACCCTGCTGAAGAATCGCAAGCCCTGCCCCT 
253»H*Ai«3«eA«8L«ttAsgolttAr«AeffatttA»n»soAJ,»03.ualas«rOlaAla£,«usifOL«u 

820 AGGGAAOi3CCCCAACAACCGACCCGAGTATTGGCCAfTC1Xi?W5CrTCAG 
274»Ar.gaiu01ytroA«BA«aAtgJro«la*yr«rp»roPh«s*«Ai«s«rA«pl.«ii.lfyr^^ 

833 AAGTCGCATAACCCCCCTTTCTCCCAAGATCCAGTGGCCCTAACTAACCtAAITGACrrCCATT 
295H#y«S«KHtiA«ne»a»sol>lt«a«taiiiA«pfrpV«lAliit«ttTi»rA«ab«*Il«OlttS«rIl« 

946 TTAGTGACGCATCAAGCAACCtGGGACGACTGCCAGCAGCTCTTGCAGGCACTCCTGACAGGC 
ll6»L«ttV«lTheHi«ainPs<>thrTi:pA«pA«pCy»ain<siat«ul.<iuaiaAX«,ii«ufc«u'rHtoiy 

1009 GAAGAAAGGCAAAGGGTCCTTCTTGAGGCCCGAAAGCAGGTtCCAGGCGAGGACGGACGGCCA 
337»Gl,tt<3mArgOXnArgV»i£,«ai,«ueiuAlaAjrgi,yi01nV«lP)eoaiyoiaA»paiyAsa»ro 

1072 ACCCAACTACCCAATGTC ATTGACGAGACTTTCCCCTFGACCCGTCCCAACTGGGATTrTGCt 
353» ThrOlnJi«uPiroA«nV«lIl«AapaiiiThr>h«PsoL(iaThrArgPr«iA»nTjrpA»pPhaAla 

im ACGCCGGCAGGTAGOGAGCACCTACGCCTtTATCGCCAGfTGCTATTAGCGGGTCTCCGCGGC 
37^*ThxPcoAla<HyArgaittKi«I.«uArgI,««TyrXBg0lBl,«ttI,«iuj;,«»Alaalyt«UArgOly 

Figure No. 5 
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U9a GCTGCAAGACGCCCCACTMTTTGGCACAGGTAAAGCACGTTGTACAAGGGAAAGAGGAAACG 

1261 CCAQCAGCATTTTTACAAAGATTAAAAGAGGCTTATAGAATGTACACTCCCTATGACCCTGAG 
421' Ps«A^la*.l*Ph«li««GluArsfL«ai,y«olwAl*TyrAi:srMsCTytThrP>roTyrA«p?roGlu 

1324 GACCCAGGGCAAGCGGCTAGTGTTATCCTAXCCTTTAtATACCAGTCTAQCCCAGATATAAGA 
442>' A»pProalyalnAl»Al»s«cVatil«i.«uS«cSh«tl«»yE0ltiS«rS*rl'eoA»pi:x«Ar7 

1 387 AATAAGTTAC AAAGGCTAGAAaGCCTACAAGGGTTCACGCTATCTGATCTGCTAAAAGAGGCA 
463> A«nl,y«i:.<ni«lBArgfe«u<»ltt«lyt,«uei»C!lySh«?hrt««S*rA«si>I.«uL*uli:iy»Ol«Ala 

14S0 OAAAAGATATACAACAAAAGGGAGACCCCAGAGGAAAGGGAAGAAAGATTATGGCAGCGACAG 
4B4>cil.utysIl«'ryrA«nI.y»Ar90ltt1!iir?3e<>«luCluA»«<ilu3l>»Axrgl.«aT«pOlttA««Qln 

IS U GAACAAAGAGAT AAAAAGCGCCACAAGGAGATGACTAAAGTTCTGGCCACAatAGTTCCTCAG 
50S>GlucittArgAfpIiy«I»y«Ac«Ki»l.y«oiu««t1!hir£.y«V»lJi«ttAla'«»eV*lV*iAl»Oln 

1576 AATAGAGATAAGGATAGAaAAGAAAGTAAACTGGGGGATCAAAGGAAAATACCTCTGGGGAAA 
526^AinArgAipI»y«A«pArg<Jlu«l«S«rt.yit»»«OlyA«»aiaJl.rgt*y«Xl«»r«i:*«ttaiyity» 

1639 GACCAGTGTGCCTATTGCAAGGAAAAOGGOCAtTQGGfTCGCGATTGCCCGAAACGACCCAGG 
S47I' A«pOittCy«Ai*TyrCy«t.yi«l«£.y«01yHi«TJfpV*lXrsA»pCy«»rol.y«At:9»roAi:at 

1702 AAGAAACCCGCCAACTCCACTCTCCTCAACrTAGGAaATTAOGAGAGTCAGOGCCAGGACCCC 
I»y»£.y»*roAt«A«»St«r'Ciirt«uI.««A«iiI.«ttaiyAiip« • • 

l>OlttZl«Ajs«Ar9V«X*KgAiaAr8ThrPr 

176S CCCCCCTGAGCCCAGGATAACCTTAAAAATAGGGGGGCAACCGGTGAC'nTTCTGGTGGAC 

LO^o?rotroOlui'roArgsi«Ttoei«*ai.yiil«oiyoiyaln»roV»i,thr?h*iii««v«lA«p«h 

1820 GGGAGCCCAGCACTCAGTKlTGACfCGACCAGATGOACCTCTCAGTGACCGCACAGCCCTGGT 

51 ► rolyAl *0 InKi « s«rv*i li«ttTlirAEf ?BoA*pOl¥ J 5ol.«« a g51»sAl a&««v* 
189 i GCAAGGAQCCACGGGAAGCAAAAACTACCGGTGGACCACCOACAGGAGGGTACAACTGGCAAC 

52 >• taXtial.yAi*«ti«0lyS««t.y»A««"tyiArstrptl»«TlixA«pA»9ArgV*i01ni>»ttAl«Th 
1954 CGGTAAGQTGACTCATTCTTTTTrATATGTACCTGAATGTCCCTACCCGtmTTAGGCAGAGA 

71>raiyi:.y«v«lth)cKt«s«eifh«L«ttSyEV«lstoaii!Cy«proTyrS>r»i.«sir<»ttOlyAr«*« 
20 17 CCTATTAACTAAACTTAAGGCCCAAATCCATTTTACCGGAGAAGGGGCTAATGTtGTTGGGCC 

94>pL«ut«uThri:.y«t.«tii:»y»Al*OiBil»Hl«9h«ThrolyaluGlyAl«A«tiV»lv&iaiy9e 
2080 CAGGGGTTTACCCCTACAAGTCCTTACTtTACAATTAGAAGAGGAGTATCGGCTATTTGAGCC 

115^ oAr9r01yI.«uProt«uGlnValL«uThrt.«ttOlat.*si«luOlueiu'ryrArgI,«u5h»01ttSr 
2 143 AGAAAGTACACAAAAACAGGAGATCGACACTTGGCTTAAAAACTTTCQCCAGGCGTGGGCAGA 

US> oCl,iiS«cTtir0lnt.y«<H,n01uM«cA«pTheTrpl»«uliy«A»n»h«?)r«0lnAiaTxpAl*Gl 

Figure No. 5 (middle part) 
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2206 AACAGCAGGTATGGG^ATGGCTCATTOTCAAGCCCCCGTTCTCATTCAACrrAAGGCTACTGC 

2269 CACTCCAATCTCCftTCCGACAGTATCCTATGCCCCATGAAGCGTACCAGGQAATTAAGCCTCA 
l78>aTh£ProIliiS«rIl«ArgClnfytPraM«6Peo8i«aia*t*TysOlaQtyIl«l,y*peoHi 

2332 TAT AAG AAGAATGCT AGAf CAAGGC ATCCTC AAGCCCTGCC AGTCCCC ATGGAATACACCCTT 
l99>ail8AsgArgM«»tJi«u*»i>01ttOlyIi«Ji«uiy»>roCy««iBS«ePc(»TrpAji«.Tt»rPro&» 

239S ATTACCTGtTAAGAAGCCAGGGACCGAGGATTACAGACCAGTGCAGGACTTAAGAQAAGTAAA 

220^ttl.«uP3;oVAll.yiit.y«»r<»OlyTinr01ttA«jiTyrAs3P»oV*X01nAtpti«ttAr90luV»l*« 
24S8 CAAAAGAGTAGAAGACATCCATCCTACTGTGCCAAATCCATATAACCTCCTTAGCACCCTCCC 

24X^aiy»ArgV'»101ttA«ptl«Sl«Pr«1?iirV«l,»ro*«B?Eo»yrA«aI.«ttI.*ua*r«h«I.«ttPe 
2S21 GCCGTCTCACCCTTGGTACACTGTCCTAGATTTAAAGGACGCTTTnTCTGCCTGCGACTACA ' 

262^ o»r »8 «»« i m » eoUrp^ysftieViilIfWuA^p &««l.y«iA«pAL«.Fh« «i«ey«ti«ttA«0l*«ii8i 
2S84 CTCTGAGAaTCAGTTACTTTTTt^ATTTGAATGGAGAGATCCAGAAATAGGACTGTCAGGGCA 

233^«s«cal.us«sOXal<*vIttturh«AX«»ia*OXa'tspAS7A«p^V«9aittZi«Ql,yX.«tt3*rOlyQl 
2647 ACTAACCTGGACACGCCTTCCTCAGGGGTTCAAGAA^AGCCCCACCCTATTTGA'rGAGGCCCT 

304>nb«ttThrirs9ThrAS«)Di«tt?soa£aai|ri^b*l^yBAsn3«r9):OTh«b*tt9tL*A«f<ll^ 
2710 GCACTCAGACCTGGCCCmrrrCAGGGTAAGGTACCCGGCrCTAGTCCrCCrACAA^ 

325>uHl«3«eA«pL«iiAl«AitpVtt«A»sV'*lArgTyetroAX«!:t<ittVtti&*uli«ttOln7ysV«lAs 

2773 TGACCrCTrGCTGGCTGCGGCAACCAGGACTQAATGCCT(mA(K5G^ 
346>pA«pi.«ul.«ttl.«uAl«Al«Ai«tl»»Ara1!hrai«Cy«l.«ttOiu<JiythEl.y»Al»i.«uli«*ial 

2336 GACrTTGOGCAAtAAGOaOf ACCGAGCCTCTCOAAAGAAGCCCCAAATTTGCCTGCAAGAAG^^ 
367>u?hrL«ttOlyAaal<y»aiyTyrAsgFAIttS«£OiyEiy«I>y«Al«Ol.ttIl.«cyst«uaXnOlttVA 

2399 CACATACCTGGGGTACTCTTPAAAAGATGGCCAAAGGTGGCrrACCAA/WJCTCGGAAAGAAGC 
388> lThtTyrl,auGlyTyrs«tt«ui»y«A«polyGlnArsi;Ept.«ttThriiytAl«:Ars&y«Ol»*3t 

2962 CATCCtATCCATCCCTGTGCCTAAAAACCCACGAGAAGTGAGAGAGTTCCTTGGAACTaCAG 
409> ailfli,«us*e3;i«PtoVAlPr<n.y«A«a?roAe90laV*iAS'gOtuPh«E,««alyThrAla 
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Figure No. 7 
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Figure No. 13 
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Figure No. 14 
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Figure No. 15 
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Figure No. 16 



